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Abstract 
A two dimensional model of vertical axis wind turbine was established in this paper, then software FLUENT and 
algorithm SIMPLEC were used, combined with the sliding grid technology, the two dimensional unsteady flow field 
of the vertical axis wind turbine was simulated numerically for different turbulence models. The results showed that 
the influence of different turbulence models on the velocity field is less, on the pressure field is relatively large, and 
on the value of the total torque is much larger. The gradient of the velocity and pressure around the wind turbine’s 
blade was apparent. The velocity field and pressure field of the computational domain changed at different time. 
There would be a narrow region of the velocity wake within the certain range between the wind turbine’s rotation part 
and the down stream’s static part. At the constant speed of the wind and rotation, the total torque of the vertical axis 
wind turbine would change periodically. The calculation results provide reference to the design of the vertical axis 
wind turbine in engineering. 
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1. Preface 
Wind energy is a clean, renewable and abundant energy. With the maturity of wind power technology, 
wind power is becoming an integral part of the world's energy. The vertical axis wind turbine, as one 
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form of the wind power, has the advantages like little aerodynamic noise, good performance by the wind, 
as well as small starting force moment and generating electricity at the low wind velocity. So the vertical 
axis wind turbine is becoming the focus of the study. The study way for the vertical axis wind turbine’s 
aerodynamic performance can be classified as analytical solution, wind tunnel experiment, wind field 
experiment and numerical simulation. The ways of predicting the performance of the vertical axis wind 
turbine in analytical solution include pipe flow method and eddy method. These methods all can be used 
to calculate the overall performance of the vertical axis wind turbine as resistance, force moment, power 
and so on. But when the tip speed ratio is much higher or lower, the solution may not be convergence. 
The analysis results of wind tunnel experiment and wind field experiment are reliable, but are limited by 
the experimental and technical conditions, have high cost and long cycle. With the development of the 
computational and CFD technology[1], CFD is becoming an important part of the aerodynamic 
performance analysis[2-5] for wind turbine.  
A two dimensional model of a vertical axis wind turbine was established in this paper, the general 
CFD analysis software FLUENT which based on the finite volume method is used, combined with the 
sliding grid technology, unsteady numerical calculation is carried out for this vertical axis wind turbine. 
The influence of the different turbulence models to the aerodynamic performance of the vertical axis wind 
turbine is analyzed, then the suitability of the turbulence models for the simulation of the vertical axis 
wind turbine’s aerodynamic performance is investigated. 
2. Numerical simulation method 
2.1. turbulence model 
Two-equation Standard k H  turbulence model and RNG k H  turbulence model all can be used to 
simulate the fluid. Standard k H  turbulence model has semi-empirical formula, that means model’s 
turbulent kinetic energy transport equation is derived by accurate equations, and the dissipation rate 
equation is derived by physical relationship. The flow is assumed as fully turbulence in the model, the 
influence of molecular viscosity is ignored, so the simulation of the flow process is suitable for fully 
turbulence. Compared with Standard k H  turbulence model, two-equation RNG k H  turbulence model 
eliminates the eddy of small scale by spectrum analysis, and integrated its influence into the term of eddy 
viscosity. Considering that the rotational and swirl flow in average flow are discussed in this model, so 
complex flow as flow with large curvature, with rotation or dispersion can be calculated better with this 
model. 
The transport equations of two turbulence model are: 
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Where U  is density, k is turbulent kinetic energy, H  is dissipation rate, ui is time averaged velocity, 
kD and DH are relatively the reciprocal of effective turbulent Prandtl number for turbulent kinetic energy 
k and dissipation rate H , effP  is dispersion coefficient, Gk is turbulent kinetic energy generation term, 
*C1H  and C2H  is the constant of models. The calculation formulas for each term of the equation (1) and (2) 
are quite different for Standard k H  turbulence model and RNG k H  turbulence model, which can refer 
to specific reference. 
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2.2. Calculation of numerical simulation 
2.2.1. Calculation method 
Finite volume method is used to solve N-S equations. The terms of pressure, velocity, turbulent kinetic 
energy and turbulent kinetic energy dissipation rate all apply the second-order upwind difference scheme. 
7KHVHOHFWHGWLPHVWHSǻWLVVWKHQVROYHWKHHTXDWLRQVDWHYHU\WLPHVWHSE\6,03/(&DOJRULWKP
$IWHUWKHFDOFXODWLRQLVFRQYHUJHQFHWKHWLPHVWHSPRYHRQWKHFRPSXWLQJPRGHO¶VJULGVDXWRPDWLFDOO\
update, then the calculation of new time step is carried out. After several steps of calculation, the process 
for torque of the wind turbine change with time is obtained. 
2.2.2. Calculation region and the generation of grids 
Calculation example: H type of three blades, airfoil of NACA0018, the length of chord is C=0.1m, the 
radius of installation is 0.45m, rotational speed is 100r/min, wind velocity is 15m/s. 
                   
Fig.1.status of the wind turbine                                                       Fig.2.diagram of the calculation region 
The status of the wind turbine is showed in Figure 1, where Blade N.1, BladeN.2 and Blade N.3 are 
UHODWLYHO\ RQH RI WKH ZLQG WXUELQH¶V EODGHV ZKLFK QXPEHU LV VHW WR%%% )LJXUH  LQGLFDWH WKH
calculation region of the model, which range is xmin=-1.6mˈxmax=+4mˈymin=-1.6mˈymax =+1.6m. 
The calculation region and the grids around the blade is showed in Figure 3. combined with the actual 
situation of the H type three-blade vertical axis wind turbine, divide the calculation region into fixed part 
and sliding part, and mesh it in the way of partition mesh. It can be seen from Figure 3 that, grids are 
sparse in the region away from the wind turbine, while grids are intensive in the region near the wind 
turbine. The thickness for first layer of grid is 0.001. the total number of grids in the calculation region in 
116598 determined by the spreadsheet, and the total number of elements is 114909. The spreadsheet 
indicates that the calculation results would not change significantly in the condition of former grid 
denseness.  
        
Fig.3.grids of calculation region and around the blade :a) grids of calculation region, b) grids around the blade 
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2.2.3. Boundary conditions 
The external flow field of the wind turbine is showed in Figure 2, the boundary conditions are set as 
follows: 
1) the velocity inlet condition is applied on the inlet boundary; 
2) the fully developed turbulence condition is applied on the outlet boundary; 
3) the wall is the blade’s surface, defined as no-slip wall, and standard wall function is used to handle 
the viscous layer of the wall. 
4) sliding grid technology is used on the sliding surface, the interface between the grids of the 
rotational part and the static part is the interface boundary, set as interface. 
5) the initial condition of the flow field for unsteady calculation is set as the results come from the 
steady calculation. 
3. Analysis on the numerical simulation 
The distribution of the velocity and the pressure in the calculation region of Standard k H  turbulence 
model and RNG k H   turbulence model is given in this paper.  
 
3.1. Velocity distribution 
   
(a) t=0 distribution diagram of velocity (m/s):Standard k H  turbulence model , RNG k H  turbulence model 
   
(b) t=T/4 distribution diagram of velocity (m/s) :Standard k H  turbulence model , RNG k H  turbulence model 
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 (c) t=2T/4 distribution diagram of velocity (m/s): Standard k H  turbulence model , RNG k H  turbulence model 
   
 (d) t=3T/4 distribution diagram of velocity (m/s): Standard k H  turbulence model , RNG k H  turbulence model 
   
 (e) t=T distribution diagram of velocity (m/s):Standard k H  turbulence model , RNG k H  turbulence model 
Fig.4.distribution diagram of velocity 
The flow field is analyzed by intercepting the time after the flow field is stable, the velocity 
distribution of the calculation region at five time in a fully cycle of the wind turbine’s rotation is given, as 
shown in Figure 4. It can be seen from Figure 4(a) and Figure 4(e) (that is the time of t=0 and t=T) that, 
the velocity distribution in the calculation region for the same turbulence model is equal basically, which 
indicates the stability of the simulation calculation. It also can be seen from Figure 4 that, the velocity 
distribution in the calculation region for two turbulence models is close at the same time. The wind 
velocity is close to the inlet flow velocity, and in the rotational region of the wind turbine, velocity 
increases gradually. There would be a narrow region of the velocity wake within the certain range 
between the wind turbine’s rotation part and the down stream’s static part. The velocity of some region is 
larger than the velocity of the free flow, but convection occurred between wake and free flow in the 
region, so the velocity gradient between the two flows disappears gradually. The velocity gradient is 
significant around the wind turbine’s blade, the front of the blade has a much larger velocity, and a large 
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negative velocity exists around the leeward of the blade. At the different time, the velocity distribution 
around the blade for two turbulence model is different too. 
3.2. Pressure distribution 
The pressure distribution of the calculation region in a fully cycle derived from two turbulence models 
is showed in Figure 5. It can be seen from Figure 5(a) and Figure 5(e) (that is the time of t=0 and t=T) 
that, the pressure distribution in the calculation region for the same turbulence model is equal basically, 
which indicates the stability of the simulation calculation. It also can be seen from Figure 5 that, the 
change of pressure gradient in all calculation region is gentle for both of the two turbulence models, while 
the pressure gradient is much larger around the wind turbine’s blade. The windward of the blade has a 
much larger pressure, and a large negative pressure exists on the leeward of the blade, the pressure 
difference existed on the blades is the main reason for the wind wheel rotation. But compared the two 
pressure distribution diagrams at the same time, the results for two turbulence models are different in 
value. 
   
(a) t=0 distribution diagram of pressure(Pa):Standard k H  turbulence model, RNG k H  turbulence model 
   
(b) t=T/4 distribution diagram of pressure (Pa): Standard k H  turbulence model, RNG k H  turbulence model 
   
(c) t=2T/4 distribution diagram of pressure (Pa):Standard k H  turbulence model, RNG k H  turbulence model 
280  Ji Yao et al. / Procedia Engineering 31 (2012) 274 – 281
   
(d) t=3T/4 distribution diagram of pressure (Pa): Standard k H  turbulence model, RNG k H  turbulence model 
 
   
(e) t=T distribution diagram of pressure (Pa):Standard k H  turbulence model, RNG k H  turbulence model 
Fig.5. distribution diagram of pressure in the calculation region 
3.3. Change of the torque 
From the time of 6s to the time of 8.4s, the total torque curve of vertical axis wind turbine changed 
with the time is showed in Figure 6. The rotational speed of wind turbine is 100r/min, which is rotating a 
cycle in 0.6s. It can be seen from Figure 6 that, in a single cycle (that is 0.6s), the total torque of vertical 
axis wind turbine has a clear periodicity for both of the turbulence models. But the value of total torque 
has big difference for the two turbulence models; the calculation result of RNG k H  turbulence model 
is larger than Standard k H  turbulence model. 
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Figure 6 diagram of total torque changed with time 
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4. Conclusion 
The calculation of two dimensional unsteady flow field for vertical axis wind turbine, is an important 
means for understanding the aerodynamic performance in design. A two dimensional model of three-
blade H type vertical axis wind turbine was established in this paper, then the two dimensional unsteady 
flow field of the vertical axis wind turbine was simulated numerically for Standard k H  turbulence 
models and RNG k H  turbulence models. The analysis results show that: (1) the velocity distribution in 
the calculation region for the two turbulence models is equal basically, the pressure distribution is close, 
but has difference in value. But the value of total torque has big difference for the two turbulence models. 
(2) The velocity gradient and pressure gradient are significant around the wind turbine’s blade. The 
windward of blade has smaller velocity and larger pressure, the negative velocity and negative pressure 
occurred around the leeward of blade. The velocity field and pressure field are different at different time. 
(3) There would be a narrow region of the velocity wake within the certain range between the wind 
turbine’s rotation part and the down stream’s static part. The momentum exchange between wake and free 
flow would eliminate the velocity gradient of the two flow gradually away from the rotational part of the 
wind turbine. (4) The total torque of vertical axis wind turbine has a clear periodicity at the constant wind 
velocity and rotational speed. The total torque extreme value of the calculation model changed with time. 
This is the significant feature the vertical axis wind turbine differs from the horizontal axis wind turbine. 
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